(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

24.09.2003 Bulletin 2003/39 

(21) Application number: 03006574.2 

(22) Date of filing: 24.03.2003 



(ID EP1 347 513 A2 

EUROPEAN PATENT APPLICATION 

(51) lntCl7: H01L 23/433, H01L 23/31 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


• Zhong, Chonghua 


HU IE IT LI LU NIC NL PT RO SE SI SK TR 


92620 Irvine, California (US) 


Designated Extension States: 


• Khan, Reza-ur Rahman 


AL LT LV MK 


92688 Rancho Santa Margerita, California (US) 


(30) Priority: 22.03.2002 US 366241 P 


(74) Representative: Jehle, Volker Armin, Dipl.-lng. 


25.09.2002 US 253600 


Bosch, Graf von Stosch, Jehle, 




Fliiggenstrasse 13 


(71) Applicant: Broadcom Corporation 


80639 Munchen (DE) 


Irvine, California 9261 8-701 3 (US) 





(54) Low voltage drop and high thermal performance bail grid array package 



(57) A low voltage drop and thermally enhanced in- 
tegrated circuit (IC) package and a method for assem- 
bling said package are described. A substantially planar 
substrate (302) having a plurality of contact pads on a 
first surface is electrically connected through the sub- 
strate to a plurality of solder ball pads on a second sur- 
face of the substrate. An IC die (304) having a first sur- 
face is mounted to the first surface of the substrate. The 
IC die has a plurality of I/O pads electrically connected 



to the plurality of contact pads on the first surface of the 
substrate. A heat sink assembly (702) is coupled to a 
second surface of the IC die and to a first contact pad 
on the first surface of the substrate to provide a thermal 
path from the IC die to the first surface of the substrate. 
The heat sink assembly can also provide an electrical 
path from the IC die to the first surface of the substrate. 
The heat sink assembly may have one or two heat sink 
elements to provide thermal and/or electrical connectiv- 
ity between the IC die and the substrate. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATIONS 
5 [0001] This application claims the benefit of U.S. Provisional Application No. 60/366,241 , filed March 22, 2002. 
BACKGROUND OF THE INVENTION 
Field of the Invention 

10 

[0002] The invention relates generally to the field of integrated circuit (IC) device packaging technology and, more 
particularly, to techniques for improving electrical and thermal performances of ball grid array (BGA) packages. 

Background Art 

75 

[0003] Integrated circuit (IC) dies are typically mounted in or on a package that is attached to a printed circuit board 
(PCB). One such type of IC die package is a ball grid array (BGA) package. BGA packages provide for smaller footprints 
than many other package solutions available today. A BGA package has an array of solder balls located on a bottom 
external surface of a package substrate. The solder balls are reflowed to attach the package to the PCB. The IC die 
20 is mounted to a top surface of the package substrate. Wire bonds typically couple signals in the IC die to the substrate. 
The substrate has internal routing which electrically couples the IC die signals to the solder balls on the bottom substrate 
surface. 

[0004] A number of BGA package substrate types exist, including ceramic, plastic, and tape (also known as "flex"). 
In some BGA package types, a stiffener may be attached to the substrate to supply planarity and rigidity to the package. 
25 in such packages, the IC die may be mounted to the stiffener instead of the substrate. Openings in the stiffener may 
be used to allow the IC die to be wire-bonded to the substrate. 

[0005] Die-up and die-down BGA package configurations exist. In die-up BGA packages, the IC die is mounted on 
a top surface of the substrate or stiffener, opposite of the side to which the solder balls are attached. In die-down BGA 
packages, the IC die is mounted on a bottom surface of the substrate or stiffener, on the same side as which the solder 
30 balls are attached. 

[0006] Existing BGA packages are subject to high thermal stresses that result from the heat given off during operation 
of the mounted IC die. The thermal stresses are primarily imposed on the IC die and solder balls due to the mismatch 
of the thermal expansion coefficient (CTE) between the semiconductor die and the metal stiffener. As a result, con- 
ventional flex BGA packages have difficulty in meeting reliability requirements for die sizes larger than about 9 mm. 
35 See, e.g., Thompson, T. f et ai, Reliability Assessment of a Thin (Flex) BGA Using a Polyimide Tape Substrate, Inter- 
national Electronics Manufacturing Technology Symposium, IEEE, pp. 207-213 (1999). 

[0007] The tape substrate used in flex BGA packages is typically polyimide, which has a low value of thermal con- 
ductivity. Consequently, the IC die is separated from the PCB internally by the tape substrate which acts as a thermal 
barrier. The lack of direct thermal connection from IC die to PCB leads to relatively high resistance to heat transfer 

40 from IC die-to-board (thetajb). 

[0008] A stiffener attached to a substrate can enhance heat spreading. However, the openings on the stiffener for 
wire bond connections tend to reduce the thermal connections between the IC die and the edges of the stiffener. As 
a result, heat spreading is limited largely to the region of the IC die attach pad, while areas at the stiffener periphery 
do not contribute effectively to heat spreading. 

45 [0009] Furthermore, because of the high density of the substrate routing circuitry, it is difficult to bond each power 
and ground pad on the IC die to the substrate by a corresponding bond finger. As a result, the distribution of ground 
and power signals connecting to the IC die is frequently compromised in conventional BGA packages. 
[0010] Ball grid array packages that use plastic substrates (for example, BT or FR4 plastic) are commonly known 
as plastic BGAs, or PBGAs. See, e.g., Lau, J. H., Ball Grid Array Technology, McGraw-Hill, New York, (1995). A PBGA 

so package, for example, may add solder balls to the bottom substrate surface under the IC die to aid in conducting heat 
to the PCB. Solder balls such as these are referred to as thermal balls. The cost of the PBGA package, however, will 
increase with the number of thermal balls. Furthermore, a large array of thermal balls may be necessary for heat 
dissipation into the PCB for high levels of IC device power. 

[0011] BGA packages are widely used in the IC packaging industry. This is because BGA packages have many 
55 beneficial characteristics, including high reliability, a relatively mature assembly process, relatively low cost, and good 
thermal and electrical performances. 

[0012] Existing BGA packages have limitations that affect their ability to be used for advanced IC die applications. 
As more functions are integrated into individual IC dies, IC dies increasingly have more stringent design requirements, 
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including: (1) handling an increased IC die power requirement; (2) handling an increased number of IC die I/O signals; 
(3) handling lower voltage values for IC die power supplies; (4) handling higher clock and data transfer signal frequen- 
cies; and (5) supporting a decreased IC die size. Existing BGA package designs may use narrower trace widths, longer 
wire bonds, staggered bond pad arrangements, and larger BGA package sizes to meet these requirements. These 
5 design techniques, however, have limitations. For example, these design techniques may lead to unwanted BGA pack- 
age voltage dropping, which can cause poor performance for the packaged IC die. 

[0013] Hence, what is needed are BGA packages that have reduced amounts of voltage drop, and that maintain 
high levels of thermal performance. 

10 BRIEF SUMMARY OF THE INVENTION 

[0014] The present invention provides for improved thermal conduction from an IC die and for reduced package 
inductance and voltage drop. In embodiments of the present invention, a heat sink assembly is coupled in an integrated 
circuit package. The package may be a land grid array (LGA), pin grid array (PGA), chip scale package (CSP), ball 
is grid array (BGA), quad flat pack (QFP), and other integrated circuit package type. The heat sink assembly provides 
an enhanced thermal and electrical connection from the IC die to the package substrate. 

[0015] In an aspect of the present invention, a low voltage drop and thermally enhanced integrated circuit package 
is described. A substantially planar substrate having a plurality of contact pads on a first surface is electrically connected 
through the substrate to a plurality of solder ball pads on a second surface of the substrate. An IC die having a first 

20 surface is mounted to the first surface of the substrate. The IC die has a plurality of I/O pads electrically connected to 
the plurality of contact pads on the first surface of the substrate. A heat sink assembly is coupled to a second surface 
of the IC die and to a first contact pad on the first surface of the substrate to provide a thermal path from the IC die to 
the first surface of the substrate. The heat sink assembly may have one or two heat sink elements to provide thermal 
and/or electrical connectivity between the IC die and the substrate. 

25 [001 6] In a further aspect, the heat sink assembly provides an electrically conductive path from a first I/O pad of the 
IC die to the first contact pad. 

[001 7] In a further aspect, a first and a second heat sink element are present in the heat sink assembly. A first surface 
of the first heat sink element is attached to the IC die. The second heat sink element is coupled to a second surface 
of the first heat sink element and to a contact pad on the substrate. 

30 [001 8] In a still further aspect, the second surface of the first heat sink element has a bond area and a contact area. 
The bond area is electrically coupled to the contact area. A wire bond couples an I/O bond pad on the second surface 
of the IC die to the bond area. The second heat sink element is electrically coupled to the contact area. * 
[001 9] In a still further aspect, the heat sink assembly is segmented. The second surface of the first heat sink element 
further has a second bond area and a second contact area. The second bond area is electrically coupled to the second 

35 contact area. The first contact area is electrically isolated from the second contact area. The second heat sink element 
includes a first arm portion and a second arm portion. The first arm portion is attached to the first contact area and the 
first contact pad on the first surface of the substrate. The second arm portion is attached to the second contact area 
and a second contact pad on the first surface of the substrate. A second wire bond electrically couples a second I/O 
bond pad on the second surface of the IC die to the second bond area. The first I/O bond pad is coupled to a first signal 

40 in the IC die, and the second I/O bond pad is coupled to a second signal in the IC die. 

[0020] In another aspect, the second surface of the first heat sink element has a plurality of bond areas and a plurality 
of contact areas. Each bond area of the plurality of bond areas is electrically coupled to a contact area of the plurality 
of contact areas. The plurality of contact areas are electrically isolated from each other. The second heat sink element 
has a plurality of portions that are each electrically coupled to a respective contact area of the plurality of contact areas. 
[0021] In another aspect, the second heat sink element includes at least one perforation that opens from a first 
surface of the second heat sink element to the second surface of a second heat sink element. 
[0022] In a further aspect, a thermally and/or electrically conductive adhesive material substantially fills the at least 
. one perforation and attaches the first surface of the second heat sink element to the second surface of the first heat 
sink element. 

so [0023] In another aspect, an encapsulate material encapsulates the IC die and the at least a portion of the heat sink 
assembly on the first surface of the substrate. 

[0024] In yet another aspect, the heat sink assembly includes a single heat sink element. The single heat sink element 
is coupled to the second surface of the IC die and to the first contact pad on the first surface of the substrate. The 
single heat sink element has the features and aspects of the first and second heat sink elements of the two-heat sink 
55 element configuration. 

[0025] Through the use of the heat sink assembly, one or more important signals of the IC die are coupled to one or 
more package solder balls by a lower inductance path than conventional paths that include lengthy wire bonds. The 
relatively shorter inner wire bond(s) and heat sink assembly form an electrical connection path that can be used for a 
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ground, power or other critical signal. 

[0026] The heat sink assembly may be electrically segmented or divided to support a plurality of ground, power, and 
critical signals. For example, in single heat sink element configurations, the single heat sink element may be segmented. 
In a two heat sink element configuration, the first heat sink element and second heat sink element may be electrically 
5 segmented or divided. 

In aspects of the present invention, the heat sink assembly provides for an improved thermal conduction path from the 
IC die. Heat from the IC die may be better conducted to the package substrate by the heat sink assembly, and better 
radiated to the environment by the heat sink assembly. In a first aspect, a thermal path is formed from the IC die, 
through the first heat sink element and second heat sink element, to the package substrate. In a second aspect, a 
10 thermal path is formed from the IC die, through the single heat sink element, to the package substrate. 

[0027] According to an aspect of the invention, there is provided an integrated circuit (IC) package, comprising: 

a substantially planar substrate having a plurality of contact pads on a first surface electrically connected through 
said substrate to a plurality of solder ball pads on a second surface of said substrate; 
is an IC die having a first surface mounted to said first surface of said substrate, wherein said IC die has a plurality 

of I/O pads electrically connected to said plurality of contact pads on said first surface of said substrate; and 
a heat sink assembly coupled to a second surface of said IC die and to a first contact pad on said first surface of 
said substrate to provide a thermal path from said IC die to said first surface of the substrate. 

20 [0028] Advantageously, said heat sink assembly includes: 

a heat sink element that is coupled to said second surface of said IC die and to said first contact pad on said first 
surface of said substrate. 

25 [0029] Advantageously, the package further comprises: 

a wire bond that couples an I/O bond pad on said second surface of said IC die to said heat sink element. 

[0030] Advantageously, said heat sink element includes opposed first and second surfaces; and 
30 wherein said heat sink element includes at least one perforation that opens from said first surface of said heat 

sink element to said second surface of said heat sink element. 
[0031 ] Advantageously, the package further comprises: 

a thermally conductive adhesive material that substantially fills said at least one perforation and attaches said first 
35 surface of said heat sink element to said surface of said IC die. 

[0032] Advantageously, the package further comprises: 

an encapsulate material that encapsulates said IC die and said heat sink element on said first surface of said 
40 substrate. 

[0033] Advantageously, the package further comprises: 

an encapsulate material that encapsulates said IC die and a portion of said heat sink element on said surface of 
45 said substrate. 

[0034] Advantageously, said heat sink element has a first arm and a second arm, wherein said first arm is coupled 
to said first contact pad on said first surface of said substrate, and wherein said second arm is coupled to a second 
contact pad on said first surface of said substrate. 
so [0035] Advantageously, said first arm is electrically isolated from said second arm. 
[0036] Advantageously, the package further comprises: 

a first wire bond that couples a first I/O bond pad on said second surface of said IC die to said first arm; and 
a second wire bond that couples a second I/O bond pad on said second surface of said IC die to said second arm. 

55 

[0037] Advantageously, said first arm portion electrically couples said first I/O bond pad to said first contact pad; and 

wherein said second arm portion electrically couples said second I/O bond pad to said second contact pad. 
[0038] Advantageously, said first I/O bond pad is coupled to a first signal source in said IC die, and said second I/O 
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bond pad is coupled to a second signal source in said IC die. 

[0039] Advantageously, said heat sink element is attached to said first contact pad by an electrically and thermally 
conductive layer. 

[0040] Advantageously, said heat sink element has an M-shaped cross-section. 
5 [0041] Advantageously, said heat sink element has a substantially planar central region coupled to said second 
surface of said IC die and a plurality of arms that extend from said central region. 
[0042] Advantageously, said central region is recessed. 

[0043] Advantageously, a first arm of said plurality of arms includes a first portion and a second portion coupled in 
series, wherein said first portion extends from said central region in a first direction to allow said first arm to avoid 
*o contact with a wire bond coupled to said IC die, and wherein said second portion of said first arm extends in a second 
direction to allow said first arm to contact said first contact pad on said first surface of said substrate. 
[0044] Advantageously, said heat sink element comprises a metal. 

[0045] Advantageously, said IC die is mounted to said first surface of said substrate in a flip chip orientation. 
[0046] Advantageously, said heat sink assembly has a surface that includes a conductive bump, wherein said surface 
'5 of said heat sink assembly is attached to said second surface of said IC die, wherein said conductive bump is electrically 
coupled to a first I/O pad of said IC die through a passivation opening in said second surface of said IC die. 
[0047] According to another aspect of the invention, there is provided a method for assembling an integrated circuit 
(IC) package, comprising the steps of: 

20 (A) attaching a first surface of an IC die to a first surface of a substantially planar substrate; 

(B) coupling a heat sink assembly to a second surface of the IC die and to a first contact pad on the first surface 
of the substrate to provide a conductive path from the IC die to the first surface of the substrate. 

[0048] Advantageously, step (B) comprises the step of: 

25 

(1) attaching a first surface of a first heat sink element to the second surface of the IC die; 

(2) attaching a second heat sink element to a second surface of the first heat sink element and to the first contact 
pad. 

30 [0049] Advantageously, the method further comprises the step of: 

(C) coupling ah I/O bond pad on the second surface of the IC die to the first heat sink element. 
[0050] Advantageously, step (2) includes the step of: 

35 

attaching a surface of the second heat sink element to the second surface of the first heat sink element with a 
thermally and electrically conductive adhesive layer. 

[0051] Advantageously, step (2) includes the step of: 

40 

attaching a first arm portion of the second heat sink element to the first contact pad on the first surface of the 
substrate. 

[0052] Advantageously, the method further comprises the step of: 

45 

(C) attaching a second arm portion of the second heat sink element to a second contact pad on the first surface 
of the substrate. 

[0053] Advantageously, the method further comprises the step of: 

50 

(D) electrically isolating the first arm portion and second arm portion. 
[0054] Advantageously, step (2) includes the step of: 

55 filling at least one perforation in the second heat sink element with a thermally conductive adhesive material. 

[0055] Advantageously, the method further comprises the step of: 
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(C) encapsulating the IC die and at least a portion of the heat sink assembly on the first surface of the substrate. 
[0056] Advantageously, step (A) comprises the step of: 

5 (1) mounting the IC die in a flip chip orientation. 

[0057] Advantageously, step (A) comprises the step of: 

electrically coupling a conductive bump on a surface of the heat sink assembly to an I/O pad of the IC die through 
10 a passivation opening in the second surface of the IC die. 

[0058] Advantageously, step (B) comprises the step of: 

attaching a heat sink element to the second surface of the IC die and to the first contact pad on the surface of the 
15 substrate. 

[0059] Advantageously, the method further comprises the step of: 

(D) electrically coupling an I/O bond pad on the second surface of the IC die to the heat sink element with a wire 
20 bond. 

[0060] Advantageously, the method further comprises the step of: 

(D) electrically isolating a first arm portion and a second arm portion of the heat sink element. 

25 

[0061] Further embodiments, features, and advantages of the present invention, as well as the structure and oper- 
ation of the various embodiments of the present invention, are described in detail below with reference to the accom- 
panying drawings. 

30 BRIEF DESCRIPTION OF THE FIGURES 

[0062] The accompanying drawings, which are incorporated herein and form a part of the specification, illustrate the 
present invention and, together with the description, further serve to explain the principles of the invention and to enable 
a person skilled in the pertinent art to make and use the invention. 
35 [0063] FIGS. 1 A and 1 B illustrate conventional flex BGA packages. 
[0064] FIG. 2 A shows a top view of a stiff ener. 

[0065] FIG. 2B shows a temperature distribution for a stiffener during operation of an IC device in a flex BGA package. 
[0066] FIG. 2C shows an top view of an alternative stiffener configuration. 
[0067] FIGS. 3A and 3B show cross-sectional views of conventional die-up plastic BGA packages. 
40 [0068] FIG. 4A illustrates a cross-sectional view of a die-up BGA package. 

[0069] FIGS. 4B and 4C illustrate exemplary solder ball arrangements for the die-up BGA package of FIG. 4A. 
[0070] FIG. 5 shows exemplary routing in a substrate layer. 

[0071] FIG. 6 illustrates a cross-sectional view of a die-up BGA package with heat spreader. 
[0072] FIG. 7A shows a cross-sectional view of an example BGA package with an example heat sink assembly, 
45 according to an embodiment of the present invention. 

[0073] FIG. 7B shows a top view of a first heat sink element of the heat sink assembly shown in FIG. 7A, according 
to an embodiment of the present invention. 

[0074] FIGS. 7C-7E show top views of the example BGA package of FIG. 7A with example heat sink assembly 
configurations, according to embodiments of the present invention. 
so [0075] FIG. 7F shows a cross-sectional view of a portion of an example BGA package, according to an embodiment 
of the present invention. 

[0076] FIGS. 7G and 7H show top views of example second heat sink elements, according to embodiments of the 
present invention. 

[0077] FIG. 8A shows a cross-sectional view of an example BGA package with an example heat sink assembly, 
55 according to an embodiment of the present invention. 

[0078] FIGS. 8B and 8C show top views of the example BGA package of FIG. 8A with example heat sink assembly 
configurations, according to embodiments of the present invention. 

[0079] FIG. 8D shows a cross-sectional view of an example BGA package with an example heat sink assembly, 
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according to an embodiment of the present invention. 

[0080] FIG. 8E shows a top view of the example BGA package of FIG. 8D with an example heat sink assembly 
configuration, according to embodiments of the present invention. 

[0081] FIG. 9A shows a cross-sectional view of an example BGA package with an example perforated heat sink 
5 assembly, according to an embodiment of the present invention. 

[0082] FIG. 9B shows a top view of the example perforated heat sink assembly of FIG. 9A, according to an embod- 
iment of the present invention. 

[0083] FIGS. 9C and 9D show top views of example perforated heat sink assemblies, according to embodiments of 
the present invention. 

w [0084] FIG. 10A shows a cross-sectional view of an example BGA package with an example heat sink assembly, 
according to an embodiment of the present invention. 

[0085] FIG. 10B shows a top view of the example heat sink assembly of FIG. 10A, according to an embodiment of 
the present invention. 

[0086] FIG. 11 A shows a cross-sectional view of an example BGA package with example heat sink assembly, ac- 
15 cording to an example embodiment of the present invention. 

[0087] FIG. 11 B shows an example surface of a first heat sink element of the example heat sink assembly of FIG. 
1 1 A that interfaces with an IC die through one or more passivation openings, according to an embodiment of the present 
invention. 

[0088] FIG. 11 C shows an example surface of a first heat sink element of the example heat sink assembly of FIG. 
20 11 A that interfaces with a second heat sink element of the example heat sink assembly, according to an embodiment 
of the present invention. 

[0089] FIG. 12 shows an example segmented first heat sink element, according to an embodiment of the present 
invention. 

[0090] FIG. 13A shows a cross-sectional view of an example BGA package with segmented heat sink assembly, 
25 according to embodiments of the present invention. 

[0091] FIGS. 13B-13F show example segmented heat sink assemblies, according to embodiments of the present 
invention. 

[0092] FIG. 14 shows a cross-sectional view of an example BGA package with segmented heat sink assembly, 
according to embodiments of the present invention. 
30 [0093] FIGS. 1 5A and 1 5B show flowcharts that provide example steps for assembling embodiments of the present 
invention. 

[0094] The present invention will now be described with reference to the accompanying drawings. In the drawings, 
like reference numbers indicate identical or functionally similar elements. Additionally, the left-most digit(s) of a refer- 
ence number identifies the drawing in which the reference number first appears. 

35 

DETAILED DESCRIPTION OF THE INVENTION 
Overview 

40 [0095] The present invention is directed to a method, system, and apparatus for improving the mechanical, thermal, 
and electrical performances of integrated circuit packages. For example, the present invention is applicable in land 
grid array (LGA), pin grid array (PGA), chip scale package (CSP), ball grid array (BGA), quad flat pack (QFP), and 
other integrated circuit package types. The present invention is applicable to all types of package substrates, including 
ceramic, plastic, and tape (flex) substrates. Furthermore the present invention is applicable to die-up (cavity-up) and 

^5 die-down (cavity-down) IC die orientations. For illustrative purposes, the present invention is described herein as being 
implemented in a BGA package. However, the present invention is applicable to the other integrated circuit package 
types mentioned herein, and to additional integrated circuit package types. 

[0096] Ball grid array package types are described below. A discussion of package inductances and resistances is 
then provided. Various embodiments of the present invention are also presented below. The embodiments described 
so herein may be combined in any applicable manner, as required by a particular application. 

Ball Grid Array (BGA) Package 

[0097] A ball grid array (BGA) package is used to package and interface an IC die with a printed circuit board (PCB). 
55 BGA packages may be used with any type of IC die, and are particularly useful for high speed ICs. In a BGA package, 
solder pads do not just surround the package periphery, as in chip carrier type packages, but cover the entire bottom 
package surface in an array configuration. BGA packages are also referred to as pad array carrier (PAC), pad array, 
land grid array, and pad-grid array packages. BGA package types are further described in the following paragraphs. 
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For additional description on BGA packages, refer to Lau, J. H., Ball Grid Array Technology, McGraw-Hill, New York, 
(1995), which is herein incorporated by reference in its entirety. 

[0098] Die-up and die-down BGA package configurations exist. In die-up BGA packages, the IC die is mounted on 
a top surface of the substrate or stiffener, in a direction away from the PCB. In die-down BGA packages, the IC die is 

5 mounted on a bottom surface of the substrate or stiffener, in a direction towards the PCB. 

[0099] A number of BGA package substrate types exist, including ceramic, plastic (PBGA), and tape (also known 
as "flex"). FIG. 1 A illustrates a conventional flex BGA package 100. Flex BGA package 100 includes an IC die 102, a 
tape substrate 104, a plurality of solder balls 106, and one or more wire bonds 108. Tape or flex BGA packages are 
particularly appropriate for large IC dies with large numbers of input and outputs, such as application specific integrated 

10 circuits (ASIC) and microprocessors. 

[0100] Tape substrate 104 is generally made from one or more conductive layers bonded with a dielectric material. 
For instance, the dielectric material may be made from various substances, such as polyimide tape. The conductive 
layers are typically made from a metal, or combination of metals, such as copper and/or aluminum. Trace or routing 
patterns are made in the conductive layer material. Substrate 104 may be a single-layer tape, a two-layer tape, or 

is additional layer tape substrate type. In a two-layer tape, the metal layers sandwich the dielectric layer, such as in a 
copper-Upilex-copper arrangement. 

[01 01 ] IC die 1 02 is attached directly to substrate 1 04, for example, by an epoxy or other die-attach material. IC die 
102 is any type of semiconductor integrated circuit, separated from a semiconductor wafer. 

[0102] One or more wire bonds 108 connect corresponding bond pads 118 on IC die 102 to contact pads 120 on 

20 substrate 104. Bond pads 118 are I/O pads for IC die 102 that make internal signals of IC die 102 externally available. 
[0103] Encapsulating material 116 covers IC die 102 and wire bonds 108 for mechanical and environmental protec- 
tion. Encapsulating material 116 is a mold compound, epoxy, or other applicable encapsulating substance. 
[0104] As shown in FIG. 1 A, flex BGA package 100 does not include a stiffener. In some BGA package types, par- 
ticularly in flex BGA packages, a stiffener can be attached to the substrate to add planarity and rigidity to the package. 

25 FIG. 1 B illustrates a flex BGA package 1 1 0, similar to flex BGA package 1 00, that incorporates a stiffener 1 1 2. Stiffener 
112 may be laminated to substrate 104. Stiffener 112 is typically made from a metal, or combination of metals, such 
as copper, tin, and/or aluminum, or may be made from a polymer, for example. Stiffener 112 also may act as a heat 
sink, and allow for greater heat spreading in BGA package 110. One or more openings 114 in stiffener 112 may be 
used to allow for wire bonds 1 08 to connect IC die 1 02 to substrate 1 04. Stiffener 1 1 2 may be configured in other ways, 

30 and have different opening arrangements than shown in FIG. 1 B. 

[0105] The use of a stiffener in a flex BGA package requires additional considerations when attempting to manage 
heat spreading. FIG. 2A shows a top view of a stiffener 112. Stiffener 112 includes an opening 114 adjacent to all four 
sides of an IC die mounting position 202 in the center of stiffener 112. FIG. 2B shows a temperature distribution 204 
of a stiffener, such as stiffener 112, during operation of an IC die in a flex BGA package. Temperature distribution 204 

35 shows that heat transfer from IC die mounting position 202 to the edges of stiffener 112 is substantially limited by 
openings 114. Openings 114 act as thermal barriers to heat spreading in stiffener 112. 

[0106] FIG. 2C shows a top view of an alternative configuration for stiffener 112, according to an embodiment of the 
present invention. Stiffener 112 includes an opening 206 adjacent to all four sides of an IC die mounting position 202 
in the center of stiffener 1 1 2. Openings 206 are similar to openings 1 1 4 of FIG. 2A, but of different shape. The different 

40 shape can enhance thermal transfer to the outer areas of stiffener 112, for example. Further alternatively shaped 
openings in stiffener 112 are applicable to the present invention, including elliptical or rounded openings, etc. 
[0107] FIGS. 3A and 3B show cross-sectional views of conventional die-up PBGA packages 300. PBGA package 
300 shown in FIG. 3A includes a plastic substrate 302, an IC die 304, a plurality of solder balls 306, a plurality of wire 
bonds 308, a die pad 310, one or more vias 314, and one or more thermal/ground vias 316. 

45 [0108] Plastic substrate 302 includes one or more metal layers formed on an organic substrate (for example, BT 
resin or FR4 epoxy/glass). IC die 304 is mounted to die pad 31 0. Wire bonds 308 couple signals of IC die 304 to contact 
pads on the top surface of substrate 302. An encapsulate material 320 covers IC die 304 and wire bonds 308 for 
mechanical and environmental protection. For example, encapsulate material 320 may be a mold compound, epoxy, 
or other encapsulating substance. Solder balls 306 are formed on solder ball pads on the bottom surface of substrate 

50 302. The solder ball pads are electrically coupled through substrate 302 to the contact pads on the top surface of 
substrate 302. In the example shown in FIG. 3A, thermal/ground vias 316 connect die pad 310 to one or more thermal/ 
ground balls 322 on the center bottom surface of substrate 302. 

[0109] As shown in FIG. 3B, IC die 304 may be attached to die pad 310 with a die attach material 324. For example, 
die attach material 324 may be an epoxy, such as a silver-filled epoxy, an adhesive tape, or other adhesive material. 
55 wire bonds 308 connect signals of IC die 304 to contact pads 326 of substrate 302. Contact pads 326 may be portions 
of bond fingers, traces, and pads accessible on the top surface of substrate 302. For instance, gold bonding wire is 
bonded from aluminum bond pads on IC die 304 to gold-plated contact pads 326 on substrate 302. The contact pads 
326 on substrate 302 connect to solder balls 306 attached to solder ball contact pads 328 the bottom surface of substrate 
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302, through vias 314 and routing within substrate 302 using copper or other metal type conductors 312. Note that the 
example of PBGA package 300 shown in FIG. 3B does not include thermal/ground balls 322. 
[0110] As described above, a BGA package includes an array of solder balls pads located on a bottom external 
surface of the package substrate for attachment of solder balls. FIG. 4A illustrates a cross-sectional view of a die-up 

s BGA package 400. FIGS. 4B and 4C illustrate exemplary solder ball arrangements for die-up BGA package 400. As 
shown in FIG. 4A, BGA package 400 includes an IC die 408 mounted on a substrate 412. IC die 408 is electrically 
connected to substrate 412 by one or more wire bonds 410. Wire bonds 410 are electrically connected to solder balls 
406 underneath substrate 412 through corresponding vias and routing in substrate 412. The vias in substrate 412 can 
be filled with a conductive material, such as solder, to allow for these connections. Solder balls 406 are attached to 

10 substrate 41 2, and are used to attach the BGA package to a PCB. 

[0111] Note that although wire bonds, such as wire bonds 410, are shown and described herein, IC dies may be 
flipped and mounted to a substrate by solder balls located on the bottom surface of the IC die, by a process commonly 
referred to as "C4" or "flip chip" packaging. 

[0112] As shown in FIG. 4B, solder balls 406 may be arranged in an array. FIG. 4B shows a 14 by 1 4 array of solder 
is balls on the bottom surface of BGA package 400. Other sized arrays of solder balls are also applicable to the present 
invention. Solder balls 406 are reflowed to attach BGA package 400 to a PCB. The PCB may include contact pads to 
which solder balls 406 are bonded. PCB contact pads are generally made from a metal or combination of metals, such 
as copper, nickel, tin, and/or gold. 

[01 13] FIG. 4C shows a bottom view of BGA package 400, with an alternative solder ball array arrangement. BGA 
20 package 400 attaches an array of solder balls 406 on a bottom surface of substrate 41 2. As shown in FIG. 4C, solder 
balls 406 are located in a peripheral area of the bottom surface of substrate 41 2, away from a substrate center 424. 
For example, solder balls 406 on the bottom surface of substrate 412 may be located outside an outer profile area of 
an IC die mounted on the opposite surface of substrate 412. The solder ball array may be organized in any number of 
ways, according to the requirements of the particular BGA package application. 
25 [01 14] The present invention is applicable to any configuration or matrix of solders balls pads and solder balls, in- 
cluding full matrix, peripheral balls, center balls, etc. 

[01 1 5] As described above, the BGA package substrate provides vias and routing on one or more layers to connect 
contact pads for wire bonds on its upper surface to solder balls attached to the bottom substrate surface. FIG. 5 shows 
an example routing 504 in a substrate layer 502 for accomplishing this. 

30 [01 16] FIG. 6 shows a BGA package 300, that includes a heat spreader 602 coupled to the top surface of substrate 
302. Heat spreader 602 improves heat dissipation from BGA package 300. Heat spreader 602 conducts heat from the 
top surface of IC die 304 away from BGA package 300 to the environment. However, there is a gap 604 between heat 
spreader 602 and IC die 304, and hence, heat does not efficiently conduct from IC die 304 to heat spreader 602. The 
present invention, as described herein, provides for improved thermal performance in a BGA package. 

35 [01 17] Ground and power wire bonds may be coupled to respective ground and power rings on the surface of the 
BGA package substrate. Such ground and power rings can often improve BGA package electrical performance by 
reducing BGA package inductances, and by saving space for signal input and output (I/O) wire bond connections. 
Typically, a ground ring is placed near to the IC die to reduce resistance and inductance of wire bonds so as to reduce 
ground bounce. One or more power rings for various supply voltages can be placed on the substrate surface further 

*o away from the IC die. Signal bond fingers are placed outside of the outermost power/ground ring, spaced according 
to applicable design rules/constraints. Various planes, traces, and vias are integrated in the substrate to connect ground 
and power voltages, and other signals, to the corresponding solder balls on the bottom substrate surface. 
[01 18] Existing BGA packages have limitations that affect their ability to be used for advanced IC die applications. 
As more functions are integrated into individual IC dies, the design of IC dies has more stringent requirements, including: 

45 (1) handling increasing power requirements; (2) handling increasing numbers of IC die I/O signals; (3) handling lower 
voltage values for IC die power supplies; (4) handling higher clock and data transfer signal frequencies; and (5) sup- 
porting decreasing IC die sizes. Conventional BGA package designs may use narrower trace widths, longer wire bonds, 
staggered bond pad arrangements, and larger BGA package sizes to overcome the above challenges. These tech- 
niques, however, have their own limitations. 

so [01 1 9] For instance, increasing the length of wire bonds can lead to low yields due to the phenomenon of wire sweep- 
ing. As a result, it may be preferable to minimize the length of wire bonds in a BGA package to allow for more reliable 
assembly processes. In addition, wire bonds may be manufactured from expensive material, such as gold, and hence 
may be expensive. Hence, shorter wire bonds may be advantageous from a cost perspective also. 
[01 20] Furthermore, the number of ground and power rings that may be used on a BGA package substrate is limited 

55 by a maximum wire bond length and by a power/ground ring spacing requirement. Frequently, more power supply 
voltages are required by some IC dies, such as modem IC dies, than can be accommodated on a single substrate. 
[0121] Still further, to reduce IC die power consumption, power supply voltage levels are being decreased. For ex- 
ample, typical digital core power supply levels have been reduced to 1 .2-1.0 V for 0.13 urn wafer technology. A low 
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power supply voltage value requires lower BGA package voltage drops for the IC die to operate properly. Unfortunately, 
BGA package inductances and resistances are related to the length of wire bonds, and longer wire bonds can lead to 
increased voltage drops. 

[0122] IC die clock and I/O data transfer frequencies are increasingly becoming higher. The rise times for signal 
5 currents are becoming shorter, and the rate of change of signal currents is becoming higher. IC dies having short 
current signal rise times, high change rates for signal currents, and low power supply voltage values have much more 
stringent restrictions on acceptable BGA package voltage level drops (including voltage drops due to package induct- 
ance and resistance). 

[01 23] The present invention is applicable to improving thermal and electrical performance in the BGA package types 
10 described herein, and further BGA package types. BGA Package Inductance and Resistance 

[01 24] In a BGA package, as well as any other integrated circuit package type, by shortening a signal path, a package 
resistance, as well as inductance, may be lowered. This is especially important for power and ground signals. Reducing 
power and ground resistances and inductances may benefit the package in the following ways: 
[0125] 1. For core power and ground: Lower resistance and inductance will reduce the core power supply droop. 
15 The lower resistance can reduce the IR voltage drop and the lower inductance can reduce the voltage change due to 
core current change. Low resistance and low inductance will benefit the IC die or chip when the core is operating at 
high or full speed. 

[01 26] 2. For I/O power and ground: Lower power and ground resistance and inductance can reduce the I/O power 
supply droop, which can affect the timing margin of I/O signals. Lowering inductance reduces the local supply droop 
20 so as to improve the ground bounce and power bounce. As would be understood to persons skilled in the relevant art 
(s), the ground bounce and power bounce often cause "false" switching of I/O signals. By lowering inductance, the 
"bounce" noise may be reduced. 

[01 27] There are several ways to shorten a signal path in a package. A typical signal path in a BGA package includes 
a bonding wire (i.e., wire bond), which connects the IC die or chip to a bond finger or ring on the surface of the substrate. 
25 Conductive traces of copper or other metal, and one or more vias, connect the bond finger or ring to the package solder 
balls. For power and ground, the traces are often replaced with corresponding conductive rings and planes. The total 
resistance and inductance of a signal may be calculated by summing the resistance and inductance of each above- 
mentioned path portion, in a first grade approximation. 

[01 28] Reducing wire bond lengths lowers the bond wire resistance and inductance. This section provides a simplified 
30 discussion on BGA package inductances, their relationship with wire bond lengths, and describes the relationship 
between BGA package inductance, ground bounce, and power voltage drop. Because the following discussion regard- 
ing inductance can similarly be applied to resistance, only inductance will be discussed in the following paragraphs for 
illustrative purposes. However, the same principals also apply to an analysis of resistance. 

[01 29] The voltage drop or ground bounce due to package inductance can be described by a simplified formula in 
35 Equation 1: 

V~ L~ Equation 1 

dt 

40 Where: 

L = the inductance; 

V = a change in voltage caused by the inductance; 

dl/ dt = the time variation of current. 
Equation 1 shows that the voltage drop is proportional to the package inductance L. 
45 [01 30] A partial self inductance (L) per unit length of a wire bond of a finite radius r, a length 1 , permeability constants 
pi1 and u2, and conducting a current i, is expressed in Equation 2 for low frequencies: 

i.Ifa^+f^JL* Equation2 

The left-most integration in Equation 2 corresponds to an internal inductance of the wire bond, and the right-most 
integration in Equation 2 corresponds to an external inductance of the wire bond. For a wire bond in a BGA package 
in proximity to a ground plane, an external partial self inductance (L) is expressed by Equation 3: 

55 
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Equation 3 



Where: 

I = the wire length; 

h = the distance from 1 to ground plane; 
d = the wire bond diameter. 

'0 Equation 3 shows that the inductance of a wire bond is proportional at the first level approximation to the wire length. 
[0131] Equation 4 shows the inductance Lwires for a number n of wire bonds for a particular signal net: 



i ^ 1 

= L T~ Equation 4 

'wires I **j 



Where: 

Lj - the inductance of a wire bond j. 
20 [01 32] In electrical circuit packages, a total inductance L package is equal to the sum of inductances for all wire bonds, 
for the substrate, and for the solder balls, as is expressed in Equation 5: 



L package ~ L wirss + L substrate + L sotdett)all Equation 5 

25 

[0133] From above discussion, there are several ways to reduce the package inductance: shortening wire bonds; 
adding to the overall number of wire bonds; adding more vias and sojder balls; and, using large power and ground 
planes. However, it is difficult to implement the above mentioned ways in conventional BGA packages. 
[0134] Because the clock and working frequencies of IC dies are becoming higher, especially for those with data 
30 transfer rates around or greater than the giga-Hertz (GHz) range, 50 Ohm impedance conductors become increasingly *• 
important. High frequency signal traces also require very short wire bonds, wide traces, and wider spacing from adjacent 
signal traces. Such an implementation occupies a great amount of space on the package substrate, and makes routing 
for a high pin count package even more difficult. The present invention, as described herein, provides a solution for • - 
many of these problems. 

35 

Integrated Circuit Package with Heat Sink Assembly of the Present Invention 

[01 35] Further details of structural and operational implementations of ball grid array packages of the present inven- 
tion are described in the following sections. These structural and operational implementations are described herein for 

40 illustrative purposes, and are not limiting. For instance, the present invention as described herein may be implemented 
in both die-up and die-down BGA package types, as well as other IC package types, including land grid array (LGA), 
pin grid array (PGA), chip scale package (CSP), and quad flat pack (QFP) packages. Furthermore, each of the em- 
bodiments presented below are applicable to tape substrate BGA packages, plastic substrate BGA packages, ceramic 
substrate BGA packages, and other substrate types. The description below is adaptable to these and other package 

45 types, as would be understood to persons skilled in the relevant art(s) from the teachings herein. 

[0136] Features of each of the embodiments presented below may be incorporated into BGA packages independ- 
ently, or may be combined in any manner with the other features described herein, as would be apparent to persons 
skilled in the relevant art(s) from the teachings herein. 

[0137] The present invention provides for improved thermal conduction from an IC die through a heat spreader, and 
50 provides for reduced package inductance. In embodiments of the present invention, a heat sink assembly is coupled 
to the IC die in a BGA package. The heat sink assembly of the present invention may also be referred to as a connection 
module. The heat sink assembly provides an enhanced thermal and electrical connection from the IC die to the package 
substrate. 

[0138] Through the heat sink assembly, important signals of the IC die are coupled to BGA package solder balls, 
55 and hence to the PCB, by a lower inductance path than conventional paths that include lengthy wire bonds. The heat 
sink assembly forms a electrical connection path that can be used for ground, power and other critical signals. Fur- 
thermore, the first heat sink element and second heat sink element may be electrically segmented or divided to support 
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a plurality of signals. Hence, any number of one or more signals may be electrically connected through the heat sink 
assembly, including ground, power, and other signals. 

[0139] Because the second heat sink element is made of a metal or alloy, such as copper or aluminum, it has much 
lower inductance and resistance compared to conventional wire bonds. Hence, the second heat sink element signifi- 
5 cantly reduces the package voltage drop. Furthermore, the second heat sink element improves thermal dissipation 
from the IC die, by improving heat transfer to the environment. The first heat sink element further reduces the package 
inductance, and minimizes the voltage drop. 

[01 40] Inner wire bonds used to bond IC die signals to the heat sink assembly, as described below, effectively shorten 
the length of wire bonds for signals. As described above, shorter wire bonds greatly reduce the package inductance 
10 and resistance. Because the second heat sink element is made of a metal that is thicker than a wire bond, it reduces 
the package inductance and resistance further. Additionally, when the second heat sink element is used for ground, it 
can further reduce signal wire inductance by providing ground shielding. 

[0141] The first heat sink element, when formed with bumps to conform to an IC die with corresponding passivation 
openings, combines the advantages of wire bonding and a flip chip configuration. A very short signal path is provided 
15 due to the close proximity of the first heat sink element bumps and IC die, which leads to a lower voltage drop. 

[0142] Furthermore, the thermal performance of the BGA package with heat sink assembly is improved over that of 
conventional BGA packages due to the close proximity of the heat sink assembly to the IC die. They are coupled at 
the top surface of the IC die. 

[01 43] In embodiments, as described below, the heat sink assembly may include two- and single-heat sink elements. 
20 The single heat sink element embodiments combine advantages of the two heat sink elements described herein. For 
example, the single heat sink element may be configured to coupled to an IC die mounted in a standard configuration 
or a flip chip orientation, and in other ways described for two heat sink embodiments. Furthermore, single heat sink 
element packages may further be configured in additional ways, as described herein. 

25 BGA Package/Heat Sink Assembly Embodiments of the Present Invention 

[0144] FIG. 7A illustrates a cross-sectional view of a BGA package 700 that includes a heat sink assembly 702, 
according to an embodiment of the present invention. FIG. 7C shows a top view of BGA package 700, without encap- 
sulate material 320 and some surface features of substrate 302 visible. BGA package 700 is substantially similar to 

30 the BGA packages described above, subject to the differences described below. Heat sink assembly 702 includes a 
first heat sink element 704 and a second heat sink element 706, according to an embodiment of the present invention. 
First heat sink element 704 may also be referred to as an "inner connector," and second heat sink element 706 may 
also be referred to as an "outer connector." First and second heat sink elements 704 and 706 contribute to the thermal, 
electrical, and mechanical advantages of the present invention. 

35 [0145] First heat sink element 704 is attached to the top surface of IC die 304 by an adhesive layer 710. Adhesive 
layer 71 0 may also act as a cushion layer to absorb an impact force that occurs during a wire bonding process, when 
wire bonds are attached to first heat sink element 704. Adhesive layer 710 may be an epoxy or adhesive film, or other 
adhesive material. In some applications, an adhesive thin film may provide relative ease in attachment to IC die 304, 
and a beneficial cushion effect. In an embodiment, adhesive layer 710 is a thermally conductive adhesive material, to 

40 enable thermal transfer from IC die 304 to heat sink assembly 702. Adhesive layer 71 0 may or may not be electrically 
conductive, depending on the particular application. 

[0146] An adhesive layer 714 mechanically, thermally, and/or electrically couples first heat sink element 704 and 
second heat sink element 706. Adhesive layer 71 4 is typically an electrically and thermally conductive layer that couples 
first heat sink element 704 and second heat sink element 706. Materials that may be used for adhesive layer 714 

45 include conductive epoxy (e.g., silver-filled), conductive film, and other thermally and electrically conductive adhesive 
materials. For example, a conductive tape or film may be used for adhesive layer 71 4. When used, the conductive film 
may be placed on the top surface of first heat sink element 704. A thermal compression bonding process may be used 
to bond second heat sink element 706 firmly to first heat sink element 704 using the conductive film. In embodiments, 
however, adhesive layer 714 may be electrically and/or thermally nonconductive, depending on the particular applica- 

so tion. 

[0147] An adhesive layer 716 mechanically, thermally, and/or electrically couples second heat sink element 706 to 
an exposed contact pad 720 of substrate 302. Materials that may be used for adhesive layer 716 include conductive 
epoxy (e.g., silver-filled), conductive film, and other thermally and/or electrically conductive adhesive materials. Contact 
pad 720 may be a metal pad, ring, trace, or other land type contact, for example. One or more vias 314, traces or 
55 planes in substrate 302 are used to electrically couple contact pad 720 to one or more corresponding solder balls 306. 
In embodiments, the corresponding solder balls are attached to the bottom surface of substrate 302 directly beneath 
contact pad 720. This may allow for a shortest electrical path for the respective signal, and lowest resistance and/or 
inductance. In other embodiments, however, the corresponding solder balls 306 may be located elsewhere on the 
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bottom surface of substrate 302. 

[01 48] A top surface of first heat sink element 704 is wire bondable in a peripheral region, and is electrically conductive 
in a center region. For example, FIG. 7B shows a top surface of first heat sink element 704, according to an embodiment 
of the present invention. As shown in FIG. 7B, one or more bond pads 722 and a contact area 724 are formed on the 

5 top surface of heat sink element 704. Bond pads 722 may be bond fingers, pads, areas, rings, or other bond pad types. 
Bond pads 722 and contact area 724 are electrically conductive, and may be formed from conductive metals formed 
in or plated on first heat sink element 704, for example. Bond pads 722 are electrically coupled to contact area 724 by 
traces 726. Second heat sink element 706 is electrically coupled to contact area 724 when attached to first heat sink 
element 704 by adhesive layer 716. Hence, when wire bonds from IC die 304 are bonded to bond pads 722, they are 

10 electrically coupled to second heat sink element 706 through trace 726 and contact area 724. 

[0149] One or more inner wire bonds 708 couple IC die bond pads 712 inwardly to the peripheral region of first heat 
sink element 704. In embodiments, inner wire bonds 708 are standard wire bonds. Inner wire bonds 708 can be attached 
or bonded between IC die 304 and first heat sink element 704 during the same manufacturing step as are other BGA 
package wire bonds, such as wire bonds 308. Inner wire bonds 708 may alternatively be applied during a separate 

15 manufacturing step. Inner wire bonds 708 can be bonded from either inner or outer rows of staggered bond pads 71 2 
on IC die 304, for example. As shown in FIG. 7C, wire bonds 708 are bonded to bond pads 722 of first heat sink element 
704. Note that, as described above, adhesive layer 710 may effectively absorb the impact force created when inner 
wire bonds 708 are applied to first heat sink element 704, and can aid in protecting the integrity of IC die 304. 
[0150] Hence, a combination of inner wire bonds 708, first heat sink element 704, adhesive layer 714, second heat 

20 sink element 706, adhesive layer 71 6, and contact pad 720 allow for ground, power and/or other signals to be electrically 

coupled from IC die 304 to substrate 302, and hence to one or more corresponding solder balls 306. ^ 
[0151] In an embodiment, first heat sink element 704 is substantially planar, and may be rectangular, rounded, or 
otherwise shaped. First heat sink element 704 may be formed from a variety of materials, including a printed circuit 
board (PCB) substrate, a metal or alloy, silicon, and/or a single- or multi-layer tape. Example embodiments for each 

25 of these configurations of first heat sink element 704 are further described as follows. 

[01 52] (A) PCB substrate material: A single- or multi-layer PCB substrate is suitable for use as first heat sink element 
704. PCB substrate materials are especially useful when necessary to connect more than one signal net through heat 
sink assembly 702. For example, bond pads or fingers for a same-signal net are coupled together in the PCB substrate 
of heat sink element 704, and are connected to a particular contact area of second heat sink element 706. Second . 

30 heat sink element 706 may be segmented into two or more portions in order to couple different electrically isolated 
contact areas of first heat sink element 704 to corresponding contact pads of substrate 302. 

[01 53] (B) Metal: A metal may be used for first heat sink element 704 to improve thermal performance. For example, ... 
first heat sink element 704 may include copper, aluminum, tin, lead, gold, silver, nickel, or other metals, or combinations % 
or alloys thereof. For instance, a standard lead frame material such as C7025 or EFTEC may be used. Inner wire 
35 bonds 708 are bonded to peripheral wire bondable plated pads or areas on first heat sink element 704. 

[0154] (C) Tape: A single or multi-layer tape may be used for first heat sink element 704. For example, a two-layer 
tape may be conveniently used. With an adhesive layer already attached on the back side of the tape, a tape first heat 
sink element 704 may be easily attached to IC die 304. 

[01 55] (D) Silicon: A silicon piece or chip similar to IC die 304, with connecting circuits formed thereon, may be used 
40 as a first heat sink element 704. In such an embodiment, inner wire bonds 708 are bonded from bond pads 712 on IC 
die 304 to bond pads on the silicon first heat sink element 704. 

[0156] Further materials, as would be known to persons skilled in the relevant art(s) from the teachings herein, are 
suitable for first heat sink element 704. 

[0157] Second heat sink element 706 may be manufactured from a variety of materials, depending on the electrical 
45 and thermal performance desired. A metal may be used for second heat sink element 706 to improve thermal and 
electrical performance. For example, second heat sink element 706 may include copper, aluminum, tin, lead, gold, 
silver, nickel, or other metals, or combinations or alloys thereof. Second heat sink element 706 may also be manufac- 
tured from ceramic, graphite, plastic, and/or other materials. 

[0158] In an embodiment, I/O bond pads of IC die 304 may be simutaneously coupled by wire bonds to substrate 
50 302 and by inner wire bonds 708 to heat sink assembly 702. In this manner, heat sink assembly 702 may be removed 

from the BGA package for failure analysis, for example, while IC die 304 is still capable of operating. 

[0159] Second heat sink element 706 may be shaped in a variety of ways, to allow connection between first heat 

sink element 704 and substrate 302. As shown in FIG. 7A, second heat sink element 706 is formed such that one or 

more of its ends 718 are allowed to contact substrate 302. 
55 [01 60] FIG. 7F shows an cross-sectional view of a portion of an example BGA package 700 attached to an example 

PCB 750, according to an embodiment of the present invention. A plurality of solder balls 306 attached to a plurality 

of solder ball pads 728 on the bottom surface of substrate 302 attach BGA package 700 to PCB 750. As shown in FIG. 

7F, second heat sink element 706 can be viewed as having a central region 730 (a portion of which is shown in FIG. 
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7F) and one or more arms 732 that extend from central region 730 to contact substrate 302. A bottom surface of central 
region 730 is coupled to the top surface of first heat sink element 704. In the embodiment of FIG. 7F, central region 
730 is substantially planar. Furthermore, as shown in FIG. 7F, central region 730 is recessed. Note that in alternative 
embodiments, as described below, central region 730 does not have to be recessed. 

5 [01 61 ] In the example of FIG. 7F, arm 732 has a first arm portion 734 and a second arm portion 736 coupled in series. 
First arm portion 734 extends from central region 730 in an upward direction to allow arm 732 to avoid contact with 
inner wire bond 708 and wire bond 308. Second arm portion 736 extends in a downward direction to allow arm 732 to 
couple with contact pad 720 on the top surface of substrate 302. For the embodiment shown in FIG. 7A, this configu- 
ration forms an M-shaped cross-section for second heat sink element 706. 

10 [0162] FIG. 7G shows second heat sink element 706 of FIG. 7A in further detail. As shown in FIG. 7G, second heat 
sink element 706 has first and second arms 732a and 732b. FIGS. 7D, 7E, and 7H show further example shapes for 
second heat sink element 706, from a top view, according to example embodiments of the present invention. As shown 
in FIG . 7D, second heat sink element 706 has first, second, third, and fourth arms 732a-732d. Second heat sink element 
706 may have any number of one or more arms, as is required by the particular application. 

15 [01 63] As shown in FIGS. 7E and 7H, second heat sink element 706 may be thought of as having an arm 732 with 
a width that is continuous around central region 730. As shown in FIG. 7E, contact pad 720 is a continuous ring on the 
top surface of substrate 302. Contact pad 720 may also be separated into a plurality of contact pads in the configuration 
shown in FIG. 7E. As shown in FIG. 7H, second heat sink element 706 is coupled to four circular contact pads 720a- 
720d at corresponding corners or ends 718a-d of second heat sink element 706. Furthermore, the corners or ends 

20 71 8a-d of second heat sink element 706 are formed in squared or "cut off" shape. Second arm portions 736a-736d of 
second heat sink element 706 are bent, stamped, molded, or otherwise formed so that ends 71 8a-d make contact with 
contact pads 720a-d. Note that the number of contact pads 720 may alternatively be greater or less than four, depending 
on the particular application. 

[0164] In the embodiments of FIGS. 7E and 7H, second heat sink 706 is a relatively large plane that covers a large 
25 portion of the top surface of substrate 302. In this manner, second heat sink 706 is able to transfer more heat from IC 
die 304 to the environment. 

[01 65] Second heat sink element 706 may have alternative and additional shapes, as would be understood to persons 
skilled in the relevant art(s) from the teachings herein. 

[01 66] In further embodiments of the present invention, heat sink assembly 702 includes a single heat sink element. 

30 FIGS. 8A and 8D each illustrate BGA package 700 with heat sink assembly 702, according to single heat sink element 
embodiments of the present invention. In each of FIGS. 8A and 8D, heat sink assembly 702 includes a single-piece 
heat sink element that couples one or more signal nets of IC die 304 to substrate 302, in a similar fashion to that 
described for the two heat sink element embodiments described above. The single-piece heat sink element of the 
embodiments of FIGS. 8A and 8D includes benefits of both of first heat sink element 704 and second heat sink element 

35 706, in a single piece. 

[01 67] In FIG. 8A, the single heat sink element or connector element of heat sink assembly 702 is heat sink element 
802. Heat sink element 802 may be made from materials such as those from which first and second heat sink elements 
704 and 706 may be made. Heat sink element 802 is preferably made from a metal material, with wire bondable plated 
areas 818 for attachment of inner wire bonds 708. Heat sink element 802 includes one or more formed portions or 

40 arms 806 that extend towards substrate 302 from a central region 814 for attachment to substrate 302, similarly to 
second heat sink element 706. In the embodiment shown in FIG. 8A, first and second arms 806a and 806b are shown. 
Arms 806 may be formed to conform relatively ctosely to IC die 304, to attach to substrate 302 at exposed contact 
pads 808 relatively closely to IC die 304. For example, contact pads 808 may be metal rings, traces, bond fingers, and 
other lands that are formed on substrate 302. 

45 [0168] Similarly to second heat sink element 706, heat sink element 802 may be shaped in a variety of ways. For 
example, FIGS. 8B and 8C shows example top views of BGA package 700, with heat sink element 802, according to 
embodiments of the present invention. In FIGS. 8B and 8C, encapsulate material 320 and some surface features of 
substrate 302 are not shown. Heat sink element 802 may have any number of one or more arms 806. FIG. 8B shows 
heat sink element 802 with four arms 806a-806d, with two arms 806 extending to the substrate on each of two sides 

so of IC die 304. FIG. 8C shows heat sink element 802 with four arms 806a-806d, with a single arm 806 extending to the 
substrate on each of the four sides of IC die 304. 

[01 69] In FIG. 8D, the single heat sink element of heat sink assembly 702 includes a single heat sink element 804. 
Heat sink element 804 may be made from materials such as those from which first and second heat sink elements 704 
and 706 may be made. Heat sink element 804 is preferably made from a metal material, with wire bondable plated 
55 areas for attachment of inner wire bonds 708. Heat sink element 804 includes one or more formed portions or arms 
810 that extend towards substrate 302 from a central region 816 for attachment to substrate 302. In the embodiment 
shown in FIG. 8A, first and second arms 810a and 810b are shown. Arms 810 may be formed to extend relatively far 
from IC die 304 on substrate 302, similarly to the structure of second heat sink element 706 shown in FIG. 7A, for 
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example. Arms 810 attach to substrate 302 at exposed contact pads 812, which are substantially similar to contact 
pads 808 of FIG. 8 A. 

[0170] Similarly to second heat sink element 706, heat sink element 804 may be shaped in a variety of ways. For 
example, FIG. 8E shows an example top view of BGA package 700, with heat sink element 804, according to an 
5 embodiment of the present invention. In FIG. 8E, encapsulate material 320 and some surface features of substrate 
302 are not shown. Heat sink element 804 is applicable to being shaped as elsewhere shown herein for other heat 
sink elements, including in the manner shown for second heat sink element 706 as shown in FIGS. 7A-7G. For example, 
heat sink element 804 may be formed to have a M-shaped cross-section, as shown in FIG. 8D, or may be otherwise 
formed. 

10 [01 71 ] In an embodiment, a conductive epoxy may be dispersed on the top surface of first heat sink element 704 as 
adhesive layer 710, and then second heat sink element 706 may be placed on first heat sink element 704. The con- 
ductive epoxy is typically cured after placing second heat sink element 706 on first heat sink element 704. Furthermore, 
in an embodiment, second heat sink element 706 may be perforated. For example, FIG. 9A shows a cross-sectional 
view of a BGA package 700 that includes a second heat sink element 706 with one or more perforations 902, according 
. 15 to an embodiment of the present invention. FIG. 9B shows a top view of second heat sink element 706 of FIG. 9A. The 
perforated second heat sink element 706 may have perforations 902 in center region 730 of the top surface of second 
heat sink element 706. 

[01 72] As shown in FIG. 9A, a conductive epoxy 906 may be applied to center region 730 of the top surface of second 
heat sink element 706, to fill in perforations 902 in second heat sink element 706. Conductive epoxy 906 may be used 

20 alternatively to, or combined with adhesive layer 71 4 to better thermally, mechanically, and/or electrically couple second 

heat sink element 706 to first heat sink element 704. ^ 
[01 73] Second heat sink element 706 may be additionally or alternatively perforated in other portions. FIGS. 9C and 
9D show top views of second heat sink element 706, according to further embodiments of the present invention. Second 
heat sink element 706 may have perforations in one or more ends 718. For example, as shown in FIG. 9C, second 

25 heat sink element 706 has perforations 908 in first and second ends 718a and 718b. Second heat sink element 706 
may also have perforations in any portion of one or more arms 732. For example, as shown in FIG. 9D, second heat 
. sink element 706 has perforations 904 in first and second arms 732a and 732b. 
[0174] Perforations 902, 904, and 908 can increase a contacting area and improve reliability. Perforations 902 en- 
hance an electrical, thermal, and mechanical connection between first heat sink element 704 and second heat sink 

30 element 706. Perforations 908 enhance an electrical, thermal, and mechanical connection between second heat sink 
element 706 and respective contact pads 720 on substrate 302. Perforations 902 and 908 allow an excess adhesive 
material, such as an epoxy, to flow through them while bonding second heat sink element 706 to first heat sink element 
704 and contact pad 720, respectively. Hence, the adhesive material does not spread as much horizontally, and ad- t 
hesiveness between second heat spreader 704 and first heat sink element 704 and/or contact pad 720 is improved. 

35 [0175] Perforations 904 provides for enhanced bonding between second heat sink element 706 and encapsulate 
material 320, and for void free encapsulation. For example, a molding compound applied to a BGA package will have 
improved interfacial bonding to second heat sink element 706 with perforations 904. The molding compound at the top 
and bottom surfaces of second heat sink element 706 is allowed to join together through perforations 904, improving 
the adhesion of the molding compound to second heat sink element 706 and the BGA package. Furthermore, perfo- 
rations 904 allow the molding compound to flow through second heat sink element 706 into "voids" or spaces under 
second heat sink element 706 that would be difficult or impossible for the molding compound to reach if it could only 
flow in from the sides of second heat sink element 706. 

[0176] The number and size of perforations 902, 904, and 908 are determined on an application basis. Note that 
first heat sink element 704 and single heat sink elements 802 and 804 may also be perforated as described above, to 

45 provide similar benefits. 

[0177] Note that in some perforated embodiments for second heat sink element 706, a specific portion of second 
heat sink element 706 may be left perforation-free, such as the geometrical center of heat sink element 706. This 
perforation-free location may allow a pick and place device to better attach to second heat sink element 706. 
[01 78] An encapsulate material may be applied to the top surface of substrate 302, to protect IC die 304, wire bonds 

50 308/708, and heat sink assembly 702. Second heat sink element 706 or single heat sink elements 802 and 804 may 
be completely encapsulated in BGA package 700 by encapsulate 320, such as shown in FIG. 9 for second heat sink 
element 706. Alternatively, a portion 1002 of second heat sink element 706 (or single heat sink element 802 or 804) 
may be exposed through encapsulate 320, as shown in FIG. 10A, according to an embodiment of the present invention. 
FIG. 10B shows a top view of second heat sink element 706 of FIG. 10A. Furthermore, as shown in FIG. 10A, in other 

55 embodiments, central region 730 of second heat sink element 706 (or single heat sink element 802) is not recessed. 
[01 79] In the embodiment of FIGS. 1 0A and 1 0B, second heat sink element 706 may be considered to be substantially 
planar in portion 1002 on its top surface, with a protruding portion 1004 on its bottom surface. Protruding portion 1004 
is coupled to first heat sink element 704. Alternatively, protruding portion 1004 may be a piece separate from first and 
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second heat sink elements 704 and 706, that is coupled between first and second heat sink elements 704 and 706. 
The separate-piece protruding portion 1004 may be made of any of the materials that first and second heat sink ele- 
ments 704 and 706 may be made of, and other materials. An electrically and/or thermally conductive adhesive material 
may be used to attach the separate-piece protruding portion 1 004 to first and second heat sink elements 704 and 706. 
5 [01 80] FIG. 1 1 A shows an example configuration for BGA package 700, according to an embodiment of the present 
invention. In the embodiment shown in FIG. 1 1 A, I/O pads of IC die 304 are electrically accessed by heat sink assembly 
702 through the top surface of IC die 304. 

[0181] For example, in FIG. 11 A, first heat sink element 704 may be a PCB or tape substrate that is bumped with 
one or more conductive bumps 1102. For example, bumps 1102 may be gold, silver, aluminum, copper, other metal, 

10 or alloys or combinations of metals, or other conductive materials. Furthermore, a plurality of bumps 1102 may be 
arranged to form a pattern or matrix on the bottom surface of first heat sink element 704. For example, FIG. 1 1 B shows 
the bottom surface of first heat sink element 704, according to an embodiment of the present invention. As shown in 
FIG. 1 1 B, the bottom surface of first heat sink element 704 has a plurality of bumps 1 1 02, formed in an example pattern. 
IC die 304 may be formed to have a corresponding pattern or matrix of passivation openings in its top surface to match 

15 the bumps 1102 of first heat sink element 704. Hence, one or more ground, power, and/or signal nets of IC die 304 
can be electrically coupled to first heat sink element 704 by coupling of bumps 1102 to the signals exposed in the 
corresponding openings on the upper surface of IC die 304. The matching patterns or matrices can enhance the thermal, 
electrical, and mechanical coupling of first heat sink element 704 to IC die 304. First heat sink element 704 can be 
bonded to IC die 304 using a thermal compression process, for example. Inner wire bonds 708 may also be present, 

20 but are not required in the embodiment for BGA package 700 shown in FIG. 11 A. 

[0182] FIG. 11C shows the top surface of first heat sink element 704, corresponding to the bottom surface of first 
heat sink element 704 shown in FIG. 11 B, according to an example embodiment of the present invention. As shown 
in FIG. 11 B, the bottom surface of first heat sink element 704 has an electrically conductive contact area 1106. One 
or more bumps 1 1 02 are electrically coupled to contact area 1 1 06 in first heat sink element 704, using conductive vias, 

25 etc. Second heat sink element 706 is electrically coupled to contact area 1 1 06 when attached to first heat sink element 
704 as described above, to electrically couple the one or more ground, power, and/or signal nets of IC die 304 to 
second heat sink element 704. Note that contact area 1106 may be segmented into a plurality of electrically isolated 
contact areas to support multiple ground, power, and/or signal nets of IC die 304. 

[0183] Note that single heat sink elements 802 and 804 may be formed with one or more bumps 1102 to interface 
30 with I/O pads of IC die 304 in a single heat sink element embodiment. Hence, single heat sink elements 802 or 804 
may each be configured to directly interface with signals of IC die 304 through passivation openings in the IC die 304. 
In such an embodiment, by using a single heat sink element and omitting inner wire bonds, a total parts count is 
reduced, and construction of the integrated circuit package is simplified. 

[0184] As described above, the present invention is applicable to any number of ground, power, and signal nets 

35 being coupled to segmented portions of heat sink assembly 702. For example, two signal nets can be bonded to first 
heat sink element 704, such as ground and power. Electrically separate bond fingers are formed on first heat sink 
element 704. Ground and power I/O pads of IC die 304 are coupled to the electrically separate bond fingers. The bond 
fingers of first heat sink element 704 can be designed such that ground and power bond fingers have substantially the 
same length, and are placed next to each other. 

40 [01 85] FIG. 1 2 shows an example of first heat sink element 704 that is divided or segmented to allow for connection 
with a plurality of signals, according to an embodiment of the present invention. For example, FIG. 1 2 shows two contact 
area segments, first contact area 1202 and second contact area 1204, that each correspond to a different signal net. 
First and second contact areas 1202 and 1204 are exposed on the top surface of first heat sink element 704 for 
attachment to respective segmented portions of second heat sink element 706. In a standard IC die mounting orientation 

45 embodiment, inner wire bonds 708 are bonded to one or more bond pads or fingers of first heat sink element 704. 
Bond pads or fingers of one signal value are coupled internally in first heat sink element 704 to one of first and second 
contact areas 1202 and 1204. For example, as shown in FIG. 12, first bond fingers 1206 are coupled to first contact 
segment 1202, and second bond fingers 1208 are coupled to second contact segment 1204. For example, ground I/ 
O pads of IC die 304 may be coupled to one or more of first bond fingers 1 206, and power I/O pads of IC die 304 may 

50 be coupled to one or more of second bond fingers 1 208. 

[0186] FIG. 13A shows a cross-sectional view of BGA package 700 that includes a segmented heat sink assembly 
702, according to an embodiment of the present invention. Heat sink assembly 702 includes a segmented second heat 
sink element 706, that has a first segment 1302a and a second segment 1302b. Essentially, first segment 1302a 
includes a first arm and a first portion of the central region of second heat sink element 706, and second segment 

55 1 302b includes a second arm and a second portion of the central region of second heat sink element 706. First segment 
1 302a and second segment 1 302b are electrically insulated from each other, by an insulator 1 306. First segment 1 302a 
is coupled to a first contact area of first heat sink element 704, such as first contact area 1202, and second segment 
1302b is coupled to a second contact area of first heat sink element 704, such as second contact area 1204. Hence, 



16 



EP1 347 513A2 



the combination of first segment 1302a and the first contact area of first heat sink element 704 allows for a first signal 
to be electrically coupled to substrate 302 with low inductance and resistance. The combination of second segment 
1302b and the second area of first heat sink element 704 allows for a second signal to be electrically coupled to 
substrate 302 with low inductance and resistance. The first and second signals are electrically isolated. 

5 [01 87] Heat sink assembly 702 may be segmented in a variety of ways. For example, FIGS. 1 3B-1 3D show examples 
of segmented versions of second heat sink element 706, according to embodiments of the present invention. FIG. 1 3B 
shows a segmented version of second heat sink element 706, with first and second segments 1302a and 1302b, that 
would be suitable for use with the segmented first heat sink element 704 shown in FIG. 1 2. FIG. 13C shows a segmented 
version of second heat sink element 706 with four segments 1 302a-1 302d. FIG. 1 3D shows a cross-shaped segmented 

10 version of second heat sink element 706 with four segments 1302a-1302d. 

[0188] FIGS. 13E and 13F show top views of BGA package 700, according to another segmented embodiment for 
heat sink assembly 702. FIG. 13E shows a segmented first heat sink element 704 attached to IC die 304 in BGA 
package 700. FIG. 13F shows a segmented second heat sink element 706 attached to the segmented first heat sink 
element 704 of FIG. 13E. 

'5 [0189] As shown in the example of FIG. 13E, the top surface of first heat sink element 704 has four contact areas 
1304a-d, for electrical coupling with second heat sink element 706. The top surface of substrate 302 has eight contact 
pads 720a-720h for coupling with second heat sink element 706. In the example of FIG. 13E, a ground ring 1306 
surrounds IC die 304. Wire bonds (not shown in FIG. 13E) are coupled between I/O pads of IC die 304 and ground 
ring 1 306, and between I/O pads of IC die 304 and bond fingers/traces on the top surface of substrate 302. Furthermore, 

20 inner wire bonds (not shown in FIG. 13E) may be coupled between I/O pads of IC die 304 and bond pads/fingers on 

the top surface of first heat sink element 704. Alternatively, inner wire bonds are not present, and first heat sink element ^ 
704 is electrically coupled to one or more signals in IC die 304 through one or more passivation openings in the top 
surface of IC die 304. 

[0190] As shown in FIG. 13F, segmented second heat sink element 706 includes first and second segments 1302a 

25 and 1302b. First and second segments 1302a and 1302b are each similar to second heat sink element 706 shown in 
FIG. 7H, and include perforations 902, 904, and 908. First and second segments 1 302a and 1 302b are coupled between 
first heat sink element 704 and contact pads 720a-h. Hence, first and second segments 1302a and 1302b provide an 
electrical and/or thermal path between IC die 304 and contact pads 720a-h. As shown in FIG. 1 3F, first segment 1302 
couples contact areas 1304a and 1304b to contact pads 720a-d, and second segment 1304 couples contact areas 

30 1 304c and 1 304d to contact pads 720e-h . 

[01 91 ] Furthermore, perforations 902 enhance connection of first and second segments 1 302a and 1 302b to contact . . 
areas 1304a-d, as described above with reference to FIG. 9B. Perforations 904 enhance connection of an encapsulate 
material 320 (not shown in FIGS. 1 3E and 13F) to second heat sink element 706, as described above with reference 
to FIG. 9D. Perforations 908 enhance connection of second heat sink element 706 to contact pads 720a-h, as described 

35 above with reference to FIG. 9C. 

[01 92] Second heat sink element 706 may be segmented in any number of ways, as would be understood by persons 
skilled in the relevant art(s). First heat sink element 704 will be correspondingly segmented, to support electrical cou- 
pling and electrical isolation, as required by the particular segmented configuration of second heat sink element 706. 
When segmented, the separate segments of second heat sink element 706 may be attached to a BGA package sep- 

^0 arately, or they may be pre-joined, by insulator 1306 or other attachment mechanism, and then attached to the BGA 
package as a unit. Note that in some configurations, when second heat sink element 706 is segmented, a thermal 
stress on IC die 304 may be reduced relative to a thermal stress when second heat sink element 706 is not segmented. 
For example, the thermal stress may be reduced on the top surface of IC die 304 when the environmental temperature 
changes over a range such as from a low temperature to a high temperature, and vice versa. 

45 [0193] Note that single heat sink elements 802 and 804 may also be segmented, according to embodiments of the 
present invention. FIG. 14 shows a cross-sectional view of an example of BGA package 700, with a segmented heat 
sink element 804, according to an embodiment of the present invention. Heat sink element 804 includes a first segment 
1402 and a second segment 1404. First segment 1402 and second segment 1404 are electrically insulated from each 
other, by insulator 1 306. Single heat sink element 802 may be segmented in a variety of ways, including in the manner 

so of the examples shown for second heat sink element 706 in FIGS. 1 3A-1 3D. When segmented, the separate segments 
of single heat sink elements 802 and 804 may be attached to a BGA package separately, or they may be pre-joined, 
by an insulator or other attachment mechanism, and then attached to the BGA package as a unit. 
[01 94] Furthermore, first heat sink element 704 may be segmented. Similarly to segmented second heat sink element 
706 and segmented single heat sink elements 802 and 804, a segmented first heat sink element 704 the separate 

55 segments of first heat sink element 704 may be attached to an IC die separately, or they may be pre-joined, by an 
insulator or other attachment mechanism, and then attached to the IC die as a unit. 

[0195] FIG. 15A shows a flowchart 1500 providing steps for assembling one or more embodiments of the present 
invention. FIG. 15B shows additional steps for assembling embodiments of the present invention. The steps of FIGS. 
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15A and 1 5B do not necessarily have to occur in the order shown, as will be apparent to persons skilled in the relevant 
art(s) based on the teachings herein. Other structural embodiments will be apparent to persons skilled in the relevant 
art(s) based on the following discussion. These steps are described in detail below. 

[01 96] Flowchart 1 500 begins with step 1 502. In step 1 502, a first surface of an IC die is attached to a first surface 
5 of a substantially planar substrate. For example, the IC die is IC die 304, and the substrate is substrate 302. As shown 
in FIG. 7A, IC die 304 is attached to the top surface of substrate 304. 

[0197] In step 1504, a heat sink assembly is coupled to a second surface of the IC die and to a first contact pad on 
the first surface of the substrate to provide a conductive path from the IC die to the first surface of the substrate. For 
example, the heat sink assembly is heat sink assembly 702. As shown in FIG. 7A, for example, heat sink assembly 
10 702 is attached to the top surface of IC die 304, and to contact pad 720 on the surface of substrate 302. An electrically 
and/or thermally conductive path is provided through heat sink assembly 702 to substrate 302. Further examples of 
heat sink assembly 702 of the present invention are shown in FIGS. 7C-7G, 8A-8E, 9A, 9B, 10A, 10B, 11 A, 13A-13D, 
and 1 4. 

[0198] In embodiments, step 1 504 includes the step where an electrically conductive path is formed from a first I/O 
15 pad of said IC die to the first contact pad. For example, as shown in FIG. 7A, a wire bond 712 electrically couples an 
I/O pad 712 of IC die 304 to heat sink assembly 702, which in turn electrically couples the I/O pad 712 to contact pad 
720. Alternatively, FIG. 11 A shows an embodiment, where a conductive bump 1102 of heat sink assembly 702 is 
electrically coupled to an I/O pad (not shown) of IC die 304 through a passivation opening. Heat sink assembly 702, 
in turn, electrically couples the I/O pad to contact pad 720. 
20 [0199] In a two-heat sink element embodiment, step 1504 may include the steps shown in FIG. 15B. In step 1506 
of FIG. 15B, a first surface of a first heat sink element is attached to the second surface of the IC die. For example, 
the first heat sink element is first heat sink element 704 shown in FIG. 7A. As shown in FIG. 7A, first heat sink element 
704 is attached to the top surface of IC die 304. 

[0200] In step 1508, a second heat sink element is attached to a second surface of the first heat sink element and 
25 to the first contact pad. For example, the second heat sink element is second heat sink element 706. As shown in FIG. 
7A, second heat sink element 706 is attached to the top surface of first heat sink element 704, and to contact pad 720. 
[0201 ] In an embodiment, step 1 502 may include the step where the IC die is mounted on a substrate, and first heat 
sink element 704 with pre-formed conductive bumps is mounted on the IC die in a flipped orientation. 
[0202] Step 1 502 may include the step where a conductive bump on a surface of the heat sink assembly is electrically 
30 coupled to an I/O pad of the IC die through a passivation opening in the second surface of the IC die, as described above. 
[0203] In a single heat sink element embodiment, step 1504 may include the step where a heat sink element is 
attached to the second surface of the IC die and to the first contact pad on the surface of the substrate. For example, 
the single heat sink element may be single heat sink element 802 or 804, shown in FIGS. 8A and 8B, respectively. As 
shown in FIG. 8A, heat sink element 802 is coupled to the top surface of IC die 304, and to contact pad 808. As shown 
35 in FIG. 8B, heat sink element 804 is coupled to the top surface of IC die 304, and to contact pad 81 2. 

[0204] Further steps for assembling embodiments of the present invention will be apparent to persons skilled in the 
relevant art(s) from the teachings herein. 

Summary of Some Advantages of the Present Invention 

[0205] A number of the advantages of the integrated circuit package of the present invention are further described 
as follows: 

[0206] (1 ) Short wire bond lengths: Short wire bonds reduce the inductance and resistance of the package. For 
example, in conventional BGA packages, ground rings are formed a particular distance from the IC die on the package 
substrate so that they are not contacted by an overflow of the IC die attach epoxy. Hence, an example minimum wire 
bond length for a ground signal is around 1.0 mm. According to the present invention, the inner wire bonds can be 
shorter because a ground ring can be formed on the first heat sink element. Furthermore, when an adhesive tape is 
used to attach the IC die to the first heat sink element, there is no concern for epoxy flow. 

[0207] (2) Low inductance and resistance and voltage drop: Since the length of inner wire bonds are less than con- 
ventional wire bonds, the inductance and resistance of the inner wire bonds is also lower. Thus, as described above, 
the voltage drop is also reduced. Several factors contribute to this benefit: (a) Short inner wire bonds for ground or 
power; (b) shorter wire bonds to the package substrate because at least one ring (e.g., the ground ring) is moved to 
the first heat sink element; and (c) a bulk metal material is used for the second heat sink element. 
[0208] (3) Lower core power IR drop: A first heat sink element with metal bumps thereon allows for a more direct 
connection from the IC die core to the second heat sink element, thus reducing the voltage drop for core power. 
[0209] (4) Additional power rings: By removing a ring (e.g., a ground or power ring) from the package substrate, 
more area is available on the package substrate for additional substrate and rings. For example, an additional power 
ring may be formed on the package substrate. 
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[0210] (5) Fewer wire bonds needed for power: Shorter wire bonds have a lower inductance value, which helps to 
reduce the package voltage drop. In some conditions, the number of wire bonds is based on a calculated allowable 
voltage drop. The heat sink assembly of the present invention can significantly decrease the number of required wire 
bonds, making it easier to meet voltage drop requirements. 
5 [0211] (6) Lower inductance for wire bonds: Alternative bonding of power and ground wires to the first heat sink 
element. By using equal length and parallel wire bonds, the wire bond inductance is reduced. The coupling between 
ground and power wires also benefits package performance. 

[021 2] (7) Reduced required IC die size: Because the number of required power and/or ground wire bonds is reduced 
in the package of the present invention, the required IC die size can be decreased, because IC dies with fewer I/O 
10 pads may be used. 

[0213] (8) Improved performance: The reduced wire bond lengths of the present invention leads to improved per- 
formance of the I/O signals from the IC die. This is due to a number of factors, including lower inductance and resistance, 
less susceptibility to noise, decreased signal path distance, etc. 

[0214] (9) Improved routability: Because one or more rings may be removed from the package substrate, there is 
is more area on the package substrate to position bond fingers, vias, and traces for routing. Furthermore, more bond 
fingers may be positioned on the substrate with the same maximum wire bond length restriction. 
[021 5] (10) Reduced package body size: A reduced package body size is possible because of the improved routability 
of the package, as described above. 

[0216] (11 ) Fewer substrate layers required: Fewer substrate layers may be used because of the benefits of lower 
20 inductance and resistance, improved routability, and enhanced thermal performance described herein. 

[0217] (12) Flexible IC die pad layout design: Ground and/or power bond pads used for inner wire bond attachment . : j> 
can be placed at an inner row of bond pads on the IC die top surface. This greatly increases IC die design flexibility. 
For example, in conventional BGA packages, ground and power bond pads are often required to be placed at the outer 
row of IC die bond pads. 

25 [021 8] (13) Enhanced thermal performance: The package of the present invention operates very efficiently to spread 
heat from the IC die. 

[0219] (14) Improved shielding: Second heat sink element 706 effectively shields signals inside the package, and 
minimized electro-magnetic interference (EMI). 

30 Conclusion 

[0220] While various embodiments of the present invention have been described above, it should be understood ^ 
that they have been presented by way of example only, and not limitation. It will be apparent to persons skilled in the . 
relevant art that various changes in form and detail can be made therein without departing from the spirit and scope 
35 of the invention. Thus, the breadth and scope of the present invention should not be limited by any of the above- 
described exemplary embodiments, but should be defined only in accordance with the following claims and their equiv- 
alents. 



40 Claims 

1 . An integrated circuit (IC) package, comprising: 

a substantially planar substrate having a plurality of contact pads on a first surface electrically connected 
« through said substrate to a plurality of solder ball pads on a second surface of said substrate; 

an IC die having a first surface mounted to said first surface of said substrate, wherein said IC die has a plurality 
of I/O pads electrically connected to said plurality of contact pads on said first surface of said substrate; and 
a heat sink assembly coupled to a second surface of said IC die and to a first contact pad on said first surface 
of said substrate to provide a thermal path from said IC die to said first surface of the substrate. 

50 

2. The package of claim 1 , wherein said heat sink assembly provides an electrically conductive path from a first I/O 
pad of said IC die to said first contact pad. 

3. The package of claim 2, wherein said first contact pad is electrically coupled to at least one solder ball pad located 
55 on said second surface of said substrate substantially opposite of said first contact pad on said first surface of said 

substrate. 

4. The package of claim 1 , further including a thermally conductive adhesive layer that attaches said heat sink as- 
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sembly to said second surface of said IC die. 

5. The package of claim 1 , wherein said heat sink assembly is attached to a central portion of said second surface 
of said iC die within a boundary of said plurality of I/O pads on said second surface of said IC die. 

6. The package of claim 1 , wherein said heat sink assembly includes: 

a first heat sink element that has a first surface and a second surface, wherein said first surface of said first 
heat sink element is attached to said second surface of said IC die; and 

a second heat sink element coupled to said second surface of said first heat sink element and to said first 
contact pad. 

7. The package of claim 6, wherein said first heat sink element arid said second heat sink element are electrically 
coupled to provide an electrically conductive path from a first I/O pad of said IC die to said first contact pad. 

8. The package of claim 6, wherein said heat sink assembly further includes: 

a thermally and electrically conductive adhesive layer that attaches a surface of said second heat sink element 
to said second surface of said first heat sink element. 

9. The package of claim 6, further comprising: 

a wire bond; 

wherein said second surface of said first heat sink element has a bond area and a contact area, wherein 
said bond area is electrically coupled to said contact area, wherein said wire bond couples an I/O bond pad on 
said second surface of said IC die to said bond area; and 

wherein said second heat sink element is electrically coupled to said contact area. 

10. The package of claim 9, wherein said second surface of said first heat sink element further has a second bond 
area and a second contact area, wherein said second bond area is electrically coupled to said second contact area; 

wherein said first contact area is electrically isolated from said second contact area. 

11. The package of claim 10, wherein said second heat sink element includes: 

a first arm portion attached to said first contact area and said first contact pad on said first surface of said 
substrate; and 

a second arm portion attached to said second contact area and a second contact pad on said first surface of 
said substrate. 

12. The package of claim 11 , further comprising: 

a second wire bond that electrically couples a second I/O bond pad on said second surface of said IC die to 
said second bond area. 

13. The package of claim 1 2, wherein said first I/O bond pad is coupled to a first signal source in said IC die, and said 
second I/O bond pad is coupled to a second signal source in said IC die. 

14. The package of claim 13, wherein said first arm portion electrically couples said first I/O bond pad to said first 
contact pad; and 

wherein said second arm portion electrically couples said second I/O bond pad to said second contact pad. 

15. The package of claim 5, wherein said second surface of said first heat sink element has a plurality of bond areas 
and a plurality of contact areas, wherein each bond area of said plurality of bond areas is electrically coupled to a 
contact area of said plurality of contact areas; 

wherein said plurality of contact areas are electrically isolated from each other; and 
wherein said second heat sink element has a plurality of portions that are each electrically coupled to a 
respective contact area of said plurality of contact areas. 
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16. The package of claim 5, wherein said second heat sink element includes opposed first and second surfaces, 
wherein the first surface of said second heat sink element is coupled to said second surface of said first heat sink 
element; and 

wherein said second heat sink element includes at least one perforation that opens from said first surface 
5 of said second heat sink element to said second surface of said second heat sink element. 

17. The package of claim 16, further comprising: 

a thermally conductive adhesive material that substantially fills said at least one perforation and attaches said 
10 first surface of said second heat sink element to said second surface of said first heat sink element. 

18. The package of claim 1 , further comprising: 

an encapsulate material that encapsulates said IC die and said heat sink assembly on said first surface of 
is said substrate. 

1 19. The package of claim 5, further comprising: 

an encapsulate material that encapsulates said IC die, said first heat sink element, and a portion of said second 
20 heat sink element on said surface of said substrate. 

20. The package of claim 5, wherein said second heat sink element is attached to said first contact pad by an electrically 
and thermally conductive layer. 

25 21. The package of claim 5, wherein said second heat sink element has an M-shaped cross-section. 

22. The package of claim 5, wherein said second heat sink element has a substantially planar central region coupled 
to said second surface of said first heat sink element, and wherein said second heat sink element has a plurality 
of arms that extend from said central region 

30 

23. The package of claim 22, wherein said central region is recessed. 

24. The package of claim 22, wherein a first arm of said plurality of arms includes a first portion and a second portion 
coupled in series, wherein said first portion extends from said central region in a first direction to allow said first 

35 arm to avoid contact with a wire bond coupled to said IC die, and wherein said second portion of said first arm 

extends in a second direction to allow said first arm to contact said first contact pad on said first surface of said 
substrate. 

25. The package of claim 5, wherein said second heat sink element comprises a metal. 

40 

26. The package of claim 5, wherein said first heat sink element comprises silicon. 

27. The package of claim 5, wherein said first heat sink element comprises a metal. 

45 28. The package of claim 5, wherein said first heat sink element comprises a tape substrate that has at least one 
conductive layer. 

29. The package of claim 5, wherein said first heat sink element comprises a printed circuit board (PCB) material. 
so 30. A method for assembling an integrated circuit (IC) package, comprising the steps of: 

(A) attaching a first surface of an IC die to a first surface of a substantially planar substrate; 

(B) coupling a heat sink assembly to a second surface of the IC die and to a first contact pad on the first surface 
of the substrate to provide a conductive path from the IC die to the first surface of the substrate. 

55 

31. The method of claim 30, wherein step (B) comprises the step of: 

forming an electrically conductive path from a first I/O pad of said IC die to the first contact pad. 
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32. The method of claim 30, wherein step (B) comprises the step of: 

attaching the heat sink assembly to the second surface of said IC die with a thermally conductive adhesive 
layer. 

33. The method of claim 30, wherein step (B) comprises the step of: 

(1 ) attaching a first surface of a first heat sink element to the second surface of the IC die; 

(2) attaching a second heat sink element to a second surface of the first heat sink element and to the first 
contact pad. 
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a first surface of an IC die is attached to a first 
surface of a substantially planar substrate 
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a heat sink assembly is coupled to a second surface of the IC die and 
to a first contact pad on the first surface of the substrate to provide a 
conductive path from the IC die to the first surface of the substrate 



FIG. 15A 
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a first surface of a first heat sink element is 
attached to the second surface of the IC die 
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a second heat sink element is attached to a second surface 
of the first heat sink element and to the first contact pad 



FIG.15B 
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